A Gram-stain-positive, rod-shaped and endospore-forming bacterium, strain RC11 T , isolated from ant nest soil collected from Udon Thani Province, Thailand was characterized in a taxonomic study based on a polyphasic approach. On the basis of 16S rRNA gene sequence analysis, strain RC11 T was affiliated to the genus Paenibacillus and was closely related to Paenibacillus phyllosphaerae LMG 22192 T with 98.1 % sequence similarity. Strain RC11 T contained meso-diaminopimelic in the cell-wall peptidoglycan. The major menaquinone was MK-7. Anteiso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and C 16 : 0 were the predominant cellular fatty acids. Diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol were the major polar lipids. The DNA G+C content was 57.9 mol%. In addition, strain RC11 T and P. phyllosphaerae LMG 22192 T showed a low level of DNA-DNA relatedness (15.6-33.2 %). Therefore, strain RC11 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus aurantiacus sp. nov. is proposed. The type strain is RC11 T (=KCTC 33816 T =LMG 29659 T =TISTR 2452 T ).
Members of the genus Paenibacillus proposed by Ash et al. [1, 2] , were previously placed with the genus Bacillus [3] . The general characteristics and capabilities of members of the genus Paenibacillus are closely related to the genus Bacillus [4] [5] [6] including being rod-shaped, aerobic or facultatively anaerobic, and endospore-forming bacteria [7] [8] [9] . The chemical composition of the cell wall exhibits typical structures of Gram-positive bacteria, although some strains may be Gram-negative-staining [7] All species in the Paenibacillus cluster have an anteiso-C 15 : 0 branched saturated acid as a major cellular fatty acid. In addition, the DNA G +C content for members of the genus ranges from 39-54 mol% [5] . At the time of writing, the genus Paenibacillus consists of 200 recognized species (http://www.bacterio.net/ paenibacillus.html). Members of this genus are mainly located in soil and rhizosphere of plants, and some species are distributed in diverse habitats including honey bee larvae, faeces and fodder, biofilms, food, Antarctic sediment, cattle faeces, raw and heat-treated milk, blood cultures and warm springs [10] . In this paper, strain RC11 T isolated from ant nest soil in Thailand is proposed to represent a novel species of the genus Paenibacillus based on polyphasic taxonomy.
Strain RC11 T was isolated from an ant nest soil sample collected in Ban Dung district, Udon Thani Province in the northeast part of Thailand. Organisms were recovered by the spread plate method using yeast extract mannitol agar (YEMA) medium after being serially diluted with sterile water and incubating the plates at 30 C for 48 h. YEMA medium contains (per litre): mannitol 10.0 g, K 2 HPO 4 0.5 g, MgSO 4 . 7H 2 O 0.2 g, NaCl 0.1 g, yeast extract 1.0 g, agar 20 g, and 10 ml stock solution of 250 mg bromothymol blue in 100 ml water; pH 7.0. Growing colonies were selected and purified on tryptic soy agar (TSA, Difco). Cells grown on TSA were examined for their morphological and cultural characteristics, including cell shape, colony appearance and endospore formation after incubation for 48 h. The Hucker-Conn modification was used for Gram staining [11] . Cell shape and spore formation were observed under a light microscope (CH-2; Olympus) and a scanning electron microscope (JSM-6610LV; JEOL). Flagellation was determined by a staining method [12] . In addition, cells cultivated on nutrient agar plates and R2A agar plates at 30 C for 18 h, were observed for the presence of flagella using a scanning electron microscope. Catalase and oxidase activities, hydrolysis of aesculin, arginine, gelatin, starch and Tween 80, Methyl Red/Voges-Proskauer (MR/VP) reactions, indole production, urease and citrate utilization were determined as described by Barrow and Feltham [13] . Growth under anaerobic conditions on agar plates was investigated using a GasPak (BBL) anaerobic jar. The pH (4, 4.5,5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5 and 10) , NaCl (0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10%, w/v) and temperatures (20, 30, 37 , 40 and 45 C) for growth were tested using tryptic soy broth or agar medium. All tests were carried out by incubating at 30 C, except where stated. API 50CH strips (bioM erieux) (combined with API 50CHB/E medium) were used in accordance with the manufacturer's directions. Antibiotic sensitivity was determined using the disc diffusion method with commercial antibiotic-impregnated discs (BBL Becton Dickinson). Menaquinone was determined as described by Komagata and Suzuki [14] . Phospholipids were extracted and identified by the method of Minnikin et al. [15] . Total cellular fatty acid analysis was performed with cells grown on TSA at 30 C for 48 h, by using the standard Microbial Identification System (MIDI) for automated GC analysis [16] . Genomic DNA was prepared by the method of Saito and Miura [17] . DNA base composition was determined by reversed-phase HPLC [18] . The 16S rRNA gene was amplified and sequenced as described previously [19] . The sequence of strain RC11 T (1470 nt) was aligned with selected sequences obtained from the GenBank database by using CLUSTAL X version 1.83 [20] . The alignment was edited manually to remove gaps and ambiguous nucleotides prior to the reconstruction of phylogenetic trees. The phylogenetic trees were reconstructed using the neighbour-joining (NJ) [21] , maximum-likelihood (ML) [22] and maximum-parsimony (MP) methods [23] in MEGA 6 software package [24] . The confidence values of branches of the phylogenetic trees were determined using bootstrap analysis based on 1000 resampling [25] . Due to the high 16S rRNA gene sequence similarity with Paenibacillus phyllosphaerae LMG 22192 T , DNA-DNA relatedness between this species and strain RC11 T was determined using the method previously described by Ezaki et al. [26] .
Cells of strain RC11 T were Gram-stain-positive and rodshaped (0.6-0.9 µm by 2.1-3.7 µm). Subterminal endospores were observed in swollen sporangia ( Fig. S1 , available in the online Supplementary Material). This strain did not produce flagella (Fig. S2 ). Colonies on TSA were circular, mucoid, opaque, whitish-orange and 1.3-6.2 mm in diameter after incubation at 30 C for 48 h. Strain RC11 T grew in TSB containing 0-2 % NaCl (w/v) but not with 3 % (w/v) NaCl, and grew at 20-40 C (optimum 30-37 C) on TSA but not at 45 C. The pH range for growth was 6-8 (optimum pH 7.0-7.5). The phenotypic characteristics of strain RC11 T are listed in the species description and in Table 1 .
Strain RC11 T contained anteiso-C 15 : 0 (60.2 %), iso-C 16 : 0 (10.9 %), anteiso-C 17 : 0 (9.3 %) and C 16 : 0 (7.8 %) as the predominant cellular fatty acids, and there were distinct differences with P. phyllosphaerae LMG 22192 T in the relative amounts of C 14 : 0 , C 16 : 0 , iso-C 15:0, iso-C 17:0, anteiso-C 15:0, anteiso-C 17:0, C 16 : 1 !7c alcohol and C 16 : 1 !11c ( Table 2 ). The presence of anteiso-C 15 : 0 as a major cellular fatty acid of the novel strain was similar to those members of the genus Paenibacillus [5, 10] . The major menaquinone of strain RC11 T was MK-7. The polar lipids of strain RC11 T were diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), three unidentified aminophospholipids, an unidentified aminolipid, an unidentified phospholipid and three unidentified lipids (Fig. S3 ). This polar lipid profile (DPG, PE, PG) resembled that of P. phyllosphaerae LMG 22192 T .
However, some minor polar lipids are different such as an unidentified aminolipid, unidentified aminophospholipids and unidentified lipids (Fig. S4) .
The 16S rRNA gene sequence analysis using the EzTaxon-e server [27] revealed that strain RC11 T showed the highest similarity to P. phyllosphaerae LMG 22192 T (98.1 %). The DNA G+C content of strain RC11 T was 57.9 mol%, which was in the range observed for members of the genus Paenibacillus [5, 10] . With respect to phenotypic and chemotaxonomic characteristics and 16S rRNA gene sequence analysis, strain RC11 T could be classified with members of the genus Paenibacillus.
On the basis of phylogenetic tree analysis, strain RC11 T shared a branching node with P. phyllosphaerae LMG 22192 T . This node demonstrated a high bootstrap value and could be reconstructed using all phylogenetic algorithms (NJ, ML, MP; Figs 1, S5 and S6) . To evaluate the novel species status, P. phyllosphaerae LMG 22192 T was selected for comparison with strain RC11 T .
In summary, strain RC11 T was differentiated from P. phyllosphaerae LMG 22192 T based on growth at 40 C; catalase activity; hydrolysis of aesculin and arginine; acid production from D-arabinose, methyl a-D-mannoside, L-fucose and 5ketogluconate; and DNA base composition (Table 1 ). In addition, the DNA-DNA relatedness between strain RC11 T and P. phyllosphaerae LMG 22192 T was 33.2 % (reciprocal 15.6 %). This value was lower than 70 %, the cut-off value for strains of the same species [28] . Thus, it could be confirmed that the genomic DNA of strain RC11 T was different from that of P. phyllosphaerae LMG 22192 T [29] . As mentioned above, it can be concluded that strain RC11 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus aurantiacus sp. nov. is proposed.
DESCRIPTION OF PAENIBACILLUS AURANTIACUS SP. NOV.
Paenibacillus aurantiacus (au.ran.ti¢a.cus. N.L. masc. adj. aurantiacus orange-coloured, referring to the colour of colonies).
Cells are Gram-stain-positive, aerobic, spore-forming and rod-shaped (0.6-0.9 µm by 2.1-3.7 µm). Subterminal endospores are observed in swollen sporangia. Flagella are not observed. Colonies are circular, mucoid, opaque and whitish-orange after incubation on TSA medium for 2 days. Growth occurs in the presences of 0-2 % (w/v) NaCl. The temperature and pH ranges for growth are 20-40 C (optimum 30-37 C) and pH 6-8 (optimum pH 7.0-7.5), respectively. No growth is observed at 45 C and at pH 5.5. Oxidase, catalase, nitrate reduction, hydrolysis of starch, aesculin and arginine are positive. Acid is produced from Darabinose, ribose (weakly), D-glucose, lactose, methyl a-Dmannoside, melezitose, xylitol (weakly), L-fucose, 5-ketogluconate (weakly) and sucrose. Resistant to chloramphenicol (30 µg), tetracycline (30 µg), bacitracin (10 µg) and ampicillin (10 µg). Negative for indole production, urease and methyl red and Voges-Proskauer reactions, and hydrolysis of gelatin and Tween 80. MK-7 is the predominant menaquinone. The predominant fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and C 16 : 0 . Major polar lipids are DPG, PE and PG.
The type strain, RC11 T (=KCTC 33816 T =LMG 29659 T =TISTR 2452 T ), was isolated from ant nest soil collected from Udon Thani Province, Thailand. The DNA G+C content of the type strain is 57.9 mol%.
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